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Abstract 
Prior research has shown that testing can impair subsequent recall of nontested materials: an 
effect termed retrieval-induced forgetting.  In the current study, I examined the effect of 
providing feedback during retrieval practice on the later recall of these nontested 
materials.  In two experiments, I varied the type of feedback administered during retrieval 
practice (no feedback, immediate feedback, delayed feedback).  Experiment 1 used cued 
recall as the final test, and Experiment 2 used recognition as the final test.  As expected, 
providing immediate or delayed feedback (compared to no feedback) improved recall of 
tested materials.  More importantly, Experiment 1 showed that providing immediate and 
delayed feedback did not increase the magnitude of retrieval-induced forgetting in a cued 
recall final test.  Experiment 2 found that feedback reduced retrieval-induced forgetting in a 
recognition final test.  From a practical perspective, these results indicate that feedback does 
not exacerbate retrieval-induced forgetting.  This finding is encouraging for students and 
educators who use testing to help improve learning.  From a theoretical perspective, these 
results provide support for the inhibitory account of retrieval-induced forgetting.   
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Chapter 1.  Introduction 
Students are regularly bombarded by information that they must learn.  To some 
degree, to learn is to remember, and psychologists have discovered many methods that can 
enhance memory retention (Craik & Lockhart, 1972; Morris, Bransford, & Franks, 1977; 
Tulving & Thompson, 1973).  One method that has received increased attention in recent 
years is testing.  Specifically, performing retrieval practice on studied material enhances 
long-term retention of that material.  This testing advantage can even outweigh that of 
repeated studying – a phenomenon termed the testing effect (Roediger & Karpicke, 2006a).  
The memorial benefits of retrieval practice are robust and have been demonstrated across a 
variety of situations.  For example, testing can enhance later retention of paired associates 
(Anderson, Bjork, & Bjork, 1994; Carpenter, Pashler, & Vul, 2006), prose (Chan, 
McDermott, & Roediger, 2006; Duchastel, 1981; Spitzer, 1939), and nonverbal materials 
(Carpenter & Pashler, 2007).  As a result, researchers have advocated for frequent testing in 
the classroom to aid students’ learning (Leeming, 2002; McDaniel, Anderson, Derbish, & 
Morrisette, 2007; Roediger & Karpicke, 2006b).   
Although the testing benefit is pervasive, it can be bolstered further by providing 
corrective feedback during retrieval practice (i.e., after a participant answers a question, the 
experimenter provides the correct answer; Carpenter et al., 2006; Carpenter, Pashler, Wixted, 
& Vul, 2008).  In the current study, I examined the effects of providing corrective feedback 
(i.e., the correct answer) on retention of the nontested materials.  Critically, research has 
demonstrated that although testing can improve retention of the tested materials, it can 
sometimes impair retention of the nontested materials – an effect known as retrieval-induced 
forgetting (Anderson et al., 1994).  Despite its obvious educational implications, to my 
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knowledge, researchers have yet to examine the effects of providing feedback on subsequent 
memory of the nontested materials.  
The goal of the current study was to examine how memory for nontested information 
is affected by providing feedback during retrieval practice.  In this introduction, I first 
provide a review of the literature on retrieval-induced forgetting.  I then provide a review of 
the literature on the effect of feedback on memory performance. 
Empirical Review of Retrieval-induced Forgetting 
 Retrieval-induced forgetting has been demonstrated using various materials such as 
category-exemplar word pairs (Anderson et al., 1994), sentences (Chan, 2009), and prose 
materials (Chan, 2009).  Retrieval-induced forgetting has also been replicated in designs 
ranging from complex misinformation paradigms (Garcia-Bajos, Migueles, & Anderson, 
2009) to recognition tasks (Spitzer, & Bäuml, 2009).  In their seminal paper, Anderson et al. 
(1994) provided the first extensive investigation of retrieval-induced forgetting.  Participants 
studied category-exemplar word pairs (e.g., Fruit – Orange, Fruit – Apple, Job – Typist, Job 
– Doctor).  They then performed retrieval practice on a subset of the items in half of the 
categories.  For example, participants were prompted with “Fruit - Or_____” and needed to 
recall “Orange.” Within the practiced categories, half of the exemplars in each category were 
practiced (Rp+; e.g., Fruit – Orange) and the other half were not (Rp-; e.g., Fruit – Apple).  
Exemplars that were not in the practiced categories were called Nrp exemplars (no retrieval 
practice; e.g., all exemplars in the ‘Job’ category).  After a 20-minute distractor period, 
participants took a final category cued recall test over all the category-exemplar pairs.  That 
is, participants were provided with the category names (e.g., Fruit, Job, etc.), and they were 
to recall the studied exemplars.  Not surprisingly, Anderson et al. found a testing effect for 
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the practiced items (Rp+ exemplars were recalled at a higher rate than Nrp exemplars).  More 
importantly, they found that the Rp- exemplars were recalled at a lower rate than the Nrp 
exemplars, and they termed this finding retrieval-induced forgetting (RIF).   While Anderson 
et al. considered multiple potential explanations for RIF, current researchers generally 
endorse one of two accounts. 
The two major accounts of RIF are the inhibitory account (Anderson & Levy, 2009; 
Storm, Bjork, & Bjork, 2008) and the blocking account (Camp, Pecher, & Schmidt, 2005; 
Williams & Zacks, 2001).  The inhibitory account argues that during retrieval practice, 
memory for unwanted but competing exemplars is inhibited.  Because of this inhibition, the 
nontested, Rp- exemplars become more difficult to retrieve.  For example, assume that 
participants studied the word pairs from the previous example.  The inhibitory account 
suggests that when a participant sees “Fruit – Or____,” both “Apple” and “Orange” come to 
mind.  To correctly answer the question, the activation of “Apple” must be inhibited to 
prevent its intrusion.  That is, inhibition during retrieval practice serves as an adaptive 
mechanism that resolves response competition.  The blocking account provides a different 
explanation for RIF; it argues that the reduced recall probability of the nontested, Rp- items 
is due to response competition at retrieval rather than inhibition.  The blocking account 
suggests that RIF occurs because the practiced, Rp+ exemplars become stronger in memory 
and block retrieval of the nontested, Rp- exemplars.  Using the previous example, when 
“Orange” receives retrieval practice, the strength of its association to “Fruit” increases, but 
the underlying memory strength of “Apple” does not change.  Because “Orange” is highly 
activated, it intrudes on attempts to recall “Apple” when participants are later presented with 
the category cue “Fruit,” thereby blocking the retrieval of “Apple.”  
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There are two crucial differences between the inhibitory and blocking accounts.  First, 
the inhibitory account assumes the locus of the impairment is at retrieval practice, but the 
blocking account assumes impairment of the Rp- items occurs at final retrieval.  Second, 
unlike the inhibitory account, which suggests that retrieval inhibition actually weakens the 
memory strength of the Rp- exemplar, the blocking account holds that the underlying 
memory strength of the Rp- exemplar itself need not change due to retrieval practice of the 
Rp+ exemplars.  Although these two accounts are not mutually exclusive, there are methods 
to separate inhibitory effects from blocking effects. 
The independent probe method has been used quite extensively to provide evidence 
consistent with the inhibitory account.  In this procedure, a cue other than the initially studied 
category is used in the final test.  For example, if “Fruit – Strawberry” was initially studied, 
“Red” may be given on the final test to cue the recall of “Strawberry.”  In this case, “Red” is 
considered an independent probe because it was never used during the study phase.  If a 
related word pair such as “Fruit – Orange” was tested initially, the inhibitory account would 
predict significant RIF for “Strawberry” given the independent probe “Red”, because the 
exemplar “Strawberry” itself has been inhibited.  However, the blocking account would 
predict no RIF for “Strawberry” when cued with “Red,” because the increased strength 
between “Fruit” and “Orange” is irrelevant when the category cue “Fruit” is not used.   
Anderson and Spellman (1995) had participants learn category-exemplar word pairs.  
Some of the exemplars shared characteristics with exemplars in another category.  For 
example, participants studied “Red - Blood, Red - Tomato, Food - Strawberry, and Food - 
Crackers” and performed retrieval practice on “Red – Blood.”  Although “Strawberry” was 
studied under the category “Food,” it could also fall under the category “Red.”  These Nrp 
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exemplars that shared attributes with the practiced exemplars were called Nrp Similar (NrpS, 
e.g., Strawberry), whereas the Nrp exemplars that did not share attributes with tested 
exemplars were called Nrp Different (NrpD, e.g., Crackers).  Remarkably, the NrpS 
exemplars showed RIF in a category cued recall final test, but the NrpD exemplars did not.  
For example, practicing “Red – Blood” impaired subsequent recall of “Tomato” as well as 
“Strawberry,” even though no exemplars from the “Food” category were practiced. These 
results are consistent with the inhibitory account, which states that any exemplar that 
competes with a practiced exemplar will be inhibited, regardless of its experimentally 
practiced associations (see also Anderson, Green, & McCulloch, 2000; Camp et al., 2005).  
Cue independent RIF is considered inconsistent with the blocking account, though recent 
reports have questioned whether it provides definitive evidence for inhibition (Camp, Pecher, 
& Schmidt, 2007; Camp, Pecher, Schmidt, & Zeelenberg, 2009).   
   In addition to the independent probe procedure, other methods have provided 
support for the inhibitory account.  For example, Hicks and Starns (2004) demonstrated RIF 
in recognition.  In this experiment, participants studied exemplars without category names.  
That is, instead of studying word pairs (e.g., Fruit – Orange), participants studied only 
exemplars (e.g., Orange).  They then performed retrieval practice in a category-plus-two-
letter-stem cued recall task.  Next, participants took a final free choice recognition test.  A 
RIF effect was found.  Because no category cues were presented during this recognition test, 
the RIF effect cannot be attributed to blocking.  Indeed, RIF in a recognition test thus 
provides further support for the inhibitory account (see also Verde, 2004, but see Koutstaal, 
Schacter, Johnson, & Galluccio, 1999 for failure to find RIF with a recognition test).    
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Though the literature is largely in favor of the inhibitory account, there has also been 
evidence that supports the blocking account.  Participants in Spitzer and Bäuml’s (2009) 
study learned words presented in various colors.  Here, the category of an exemplar was 
represented by the color in which the word was presented.  Participants were told to 
remember both the color and the word itself.  During retrieval practice, participants 
performed two-letter stem cued recall with the words in their studied color.  After a distractor 
phase, participants performed a category recognition task.  Specifically, participants were 
shown colored words one at a time and were to indicate whether the color in which the word 
was presented matched the one during the study phase.  That is, instead of recognizing the 
word’s identity, the task was to recognize its color “category.”  Spitzer and Bauml found that 
participants performed worse in this category recognition task for the Rp- exemplars than the 
Nrp exemplars, which indicated RIF.  This finding would be predicted by the blocking but 
not inhibitory account.  The inhibitory account would predict that shared characteristics 
between exemplars (such as its category) are not subject to inhibition (Anderson, Bjork, & 
Bjork, 2000).  Therefore, according to the inhibitory account, memory for the nonpracticed 
word’s category membership should not be impaired if other words in the same category are 
practiced.  However, the blocking account would predict that the practiced word’s category 
membership would block access to memories of the category’s nonpracticed members at the 
final test, resulting in RIF. 
Researchers have been successful in separating the inhibitory and blocking accounts 
of RIF, but one glaring issue in the RIF literature is the dearth of research on individual 
differences.  Few studies have examined factors that contribute to individual differences in 
RIF (see Soriano, Jiménez, Román, & Bajo, 2009; Storm & Angello, in press; Storm & 
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White, 2010, for exceptions).  Current research suggests that working memory capacity may 
influence RIF.  Román, Soriano, Gómez-Ariza, and Bajo (2009) found that reducing 
executive control resources eliminated RIF.  Román et al. asked participants to study 
category-exemplar word pairs.  Participants then performed retrieval practice under different 
attentional demands.  Most importantly, RIF was eliminated when participants performed a 
concurrent task (i.e., digit recall or a digit monitoring task) during retrieval practice.  That is, 
they found that reducing executive control resources also reduced the magnitude of RIF.  For 
exploratory purposes, the current study examined whether individual differences in working 
memory capacity are associated with a person’s susceptibility to RIF.  Still, the focus of the 
current study remains on the influence of providing feedback during retrieval practice on RIF.  
To my knowledge, there has been no research exploring RIF using category-exemplar word 
pairs with feedback.  However, much research has explored the effects of providing feedback 
on memory of the tested information as described in the following section. 
Empirical Review of Feedback and the Testing Effect 
 Feedback is information provided after a test that informs the participant whether or 
not an answer is correct.  Feedback can range from providing a simple correct/incorrect 
response to providing a discussion on why an answer is correct or incorrect (Bangert-Drowns, 
Kulik, Kulik, & Morgan, 1991).  Multiple variables can impact the effectiveness of feedback 
on memory performance.  Two factors are the amount of information given in feedback and 
the accuracy of one’s response prior to feedback. 
Kulhavy (1977) stated that feedback only improves memory performance when a 
participant gives an incorrect answer.  That is, feedback serves simply as an error-correction 
mechanism.  Consistent with this idea, Pashler, Cepeda, Wixted, and Rohrer (2005) found 
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that feedback enhanced performance for only the initially incorrect responses.  In their study, 
participants studied Luganda – English word pairs.  Four groups of the participants received 
retrieval practice over the word pairs, and one group did not.  For those who performed 
retrieval practice, one-quarter of them received no feedback, one-quarter had a 5 s delay 
before the next item was presented, one-quarter received feedback in the form of correct or 
incorrect, and the remaining saw the correct answer for 5 s.  A final cued recall test was 
administered 24 hr later.  The most important finding was that supplying the correct answer 
after incorrect responses increased proportion correct on the final test from .05 to .18, 
whereas feedback after a correct answer (regardless of feedback type) and feedback 
displaying correct or incorrect after an incorrect answer did not affect memory performance 
on the final test.  Note, though, the idea that feedback serves primarily has an error-correction 
mechanism has been vigorously challenged recently (e.g., Butler, Karpicke & Roediger, 
2008; Butterfield & Metcalfe, 2001; Butterfield & Metcalfe, 2006; and Fazio & Marsh, 2009). 
Another variable that can influence the effectiveness of feedback is the timing at 
which feedback is provided.  Kulik and Kulik (1988) performed a meta-analysis on the 
effects of feedback delay and concluded that immediate feedback (relative to delayed 
feedback) was best for classroom quizzes and acquisition of test content.  However, recent 
research has contested this conclusion.  Butler, Karpicke, and Roediger (2007) found that the 
benefits of delayed feedback are superior to those of immediate feedback.  Butler et al. had 
participants read through 12 different passages.  After a 5 min distractor task, participants 
took a multiple choice test over those passages.  Feedback (i.e., the correct answer) was 
given either immediately after each question or after a 10 min distractor task.  After a 24 hr 
delay, participants returned to take a final recall test.  The researchers found that delayed 
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feedback improved memory performance more than immediate feedback.  In the present 
experiment, I investigated the effects of feedback delay on recall performance of the initially 
nontested materials.  
Researchers have devoted much time and effort to investigate the effects of feedback 
on memory performance (Bangert-Drowns et al., 1991; Butler et al., 2008; Kulhavy, 1977; 
Kulik & Kulik, 1988; Pashler et al., 2005).  Although the benefits of providing feedback vary 
somewhat depending on the manipulation (e.g., delay, type of feedback, etc.), it is now clear 
that feedback almost always enhances performance of the tested materials.  Therefore, it is 
somewhat surprising that so little is known about the effects of providing feedback on 
subsequent memory of the initially nontested materials.   
The Current Experiments 
Aside from its practical importance, understanding the effect of feedback on RIF can 
shed further light on the theoretical debate surrounding RIF.  Importantly, the blocking 
account and the inhibitory account make different predictions regarding the effects of 
feedback on RIF.  Specifically, according to the blocking account, providing feedback should 
increase the magnitude of RIF.  Corrective feedback strengthens the association between the 
cue and the practiced exemplar, thus increasing the likelihood that the practiced exemplar 
would block retrieval of the nonpracticed (Rp-) exemplar.  Therefore, RIF would be 
exacerbated following feedback.  However, the inhibitory account can lead one to make two 
different predictions: (1) feedback would reduce or (2) have no effect on the magnitude of 
RIF.  If providing feedback helps resolve retrieval competition or allows participants to 
reduce the effort required to find the correct answers during retrieval practice, it may reduce 
RIF.  Alternatively, retrieval inhibition may be a process that occurs at retrieval practice 
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regardless of feedback.  Because the feedback is presented after the retrieval attempt, RIF 
may not be affected by feedback.  In Experiment 1, I examined the effects of feedback on 
RIF in cued recall.  In addition, I examined the effects of feedback delay on later recall of the 
tested and nontested information.  In Experiment 2, I examined how feedback affects the 
inhibitory effects of RIF by using a recognition final test, which provides a further test of the 
inhibitory account.  
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Chapter 2.  Experiment 1 
 The purpose of Experiment 1 was to examine the effects of providing feedback 
during retrieval practice on subsequent recall of the nontested information.  Feedback was 
operationally defined as providing the correct answer.  In this experiment, participants 
learned category-exemplar word pairs and then performed retrieval practice on some of them.  
One group of participants received immediate feedback (i.e., on a trial-by-trial basis), one 
group received delayed feedback (i.e., the feedback was provided at the end of the entire 
retrieval practice phase), and one group did not receive feedback on the tested exemplars.  
Following the retrieval practice phase, participants completed the Operation Span task 
(OSPAN; Unsworth, Heitz, Schrock, & Engle, 2005).  In addition to serving as a distractor 
task, the OSPAN task provided an index of individual differences in executive functioning.  
Anderson and his colleagues (Anderson & Levy, 2009) have postulated that retrieval 
inhibition is driven by executive processes.  Furthermore, they have suggested that inhibition 
serves as an adaptive mechanism that overrides unwanted responses.  For example, if 
someone drops a hot pan, the person’s primary response may be to try to catch the pan, an 
undesirable response that must be suppressed.  Since executive control may regulate 
inhibitory processes including RIF, I explored whether individual differences in working 
memory capacity can account for variance in RIF.  Finally, a category cued recall test was 
administered, followed by a category-plus-one-letter stem cued recall test.   
Method 
 Design.  Experiment 1 had a 3 (feedback type) X 3 (retrieval practice status) design.  
Feedback type was manipulated between-subjects.  Participants received no feedback during 
retrieval practice, received feedback immediately after each retrieval practice trial, or 
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received delayed feedback after all retrieval practice trials were completed.  Retrieval 
practice status was manipulated within-subjects.  Category-exemplar pairs were separated 
into three different groups: Rp+ (tested exemplars), Rp- (nontested exemplars from the tested 
categories), and Nrp (nontested exemplars from the nontested categories). 
 Participants.  One hundred twenty-six Iowa State University students participated in 
Experiment 1 in return for research credit.  Thirty students were excluded from analysis: 22 
because English was not their first language, six because they failed to follow instructions, 
and two because of equipment failures.  This resulted in 32 students in each feedback type 
condition.  
 Materials.  The study items consisted of 48 category-exemplar word pairs.  There 
were eight categories and six exemplars in each category.  The word pairs contained a 
category name and an exemplar.  The category typicality ratings were taken from the Battig 
and Montague (1969) norms, and all exemplars used had a rating of less than .40 (range 
= .01-.38, M = .12, SD = .09).  The target words were also selected based on Thorndike and 
Lorge’s (1942) word frequency norms, and all exemplars had a rating of less than 110 (range 
= 1-101, M = 34.81, SD = 27.55).  These criteria were used to reduce the chance of 
successful guessing in the recall tests.  All words used in Experiment 1 and their category 
typicality ratings are displayed in Appendix A.  The computerized OSPAN task (Unsworth et 
al., 2005) served as a measure of individual differences in working memory capacity and a 
distractor task.   
 Procedure.  Participants were tested individually or in groups of up to eight.  Up to 
five participants were tested in one experiment room and up to three participants were tested 
simultaneously in an adjacent experiment room.  Dividers separated the computer terminals.  
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Participants had 5 s to study each word pair.  The word pairs were presented in a random 
order, but no word pairs in the same category were presented on consecutive trials.  A 500 
ms interstimulus interval (ISI) separated each study trial.  
 The retrieval practice phase immediately followed the study phase.  Participants 
performed retrieval practice on four of the eight categories. Exemplars in the remaining 
categories served as the Nrp exemplars.  The category-exemplar pairs that received retrieval 
practice served as the Rp+ exemplars.  Those that did not receive retrieval practice but 
belonged to a practiced category served as the Rp- exemplars.  The category-exemplar pairs 
that were used in each retrieval practice condition were counterbalanced across participants.   
 During each retrieval practice trial, participants were given the category name and a 
two-letter stem for the target exemplar (e.g., Weather – Bl______ for Weather – Blizzard).  
Participants were instructed to type in the entire target exemplar (i.e., Blizzard).  Consistent 
with most RIF experiments, participants performed the retrieval practice phase three times 
(Anderson et al., 1994; Camp et al., 2007; Jakab & Raaijmakers, 2009; Smith & Hunt, 2000).  
The category-exemplar pairs were presented in a fresh random order during each of three 
trials in the retrieval practice phase.  However, no exemplars from the same category were 
tested consecutively.  This was done to reduce the likelihood of integration of the exemplars, 
which is a known boundary condition for RIF (Anderson, Green, & McCulloch, 2000; 
Anderson & McCulloch, 1999; Bäuml & Hartinger, 2002; Smith & Hunt, 2000).  Participants 
performed retrieval practice in three conditions.  In the no feedback condition, participants 
had 7 s to recall the target in each retrieval practice trial.  In the immediate feedback 
condition, participants had 6 s to answer the prompt, and the correct answer was shown for 1 
s immediately afterward.   In the delayed condition, participants had 6 s to recall the target, 
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and the correct answer was shown for 3 s at the end of the entire retrieval practice phase.  
Note that in the delayed feedback condition, participants were not aware that they would 
receive feedback until the end of the retrieval practice phase, and the feedback was shown 
only once.  
All participants then performed the OSPAN task in which they memorized sets of 
letters presented one at a time, and mental arithmetic distractors were presented between each 
letter.  For example, participants might be shown the math problem “(1+2)/3 = ?”.  
Afterwards, a number (e.g., 1) appeared on the screen, and participants must decide if that 
matched the answer of the math problem (pressing the T key for true and the F key false).  
Then, a letter was presented that must be remembered.  Participants then repeated this cycle 
(a math problem followed by a single letter to be remembered) another two to six times.  
Finally, participants viewed an array of 12 letters and clicked on studied letters in order of 
their appearance.  Participants were tested over 15 different letter sets.  Participants were 
shown three different sets of each set size (3-7).  A set size is defined as the number of letters 
that participants were asked to remember before being prompted with a letter array test.  For 
example, if a participant was presented with a math problem, the letter “E,” a math problem, 
the letter “L,” another math problem, followed by the letter “T,” the set size of the cycle was 
3.  If the participants finished the OSPAN task within 20 min, they were asked to play Tetris, 
a falling block game, until 20 min had passed.  This procedure was to ensure that all 
participants had a 20-min retention interval between retrieval practice and the final test.   
 There were two parts to the final test.  The first part was a category cued recall test.  
During each trial, a category name appeared on the top of the screen and participants had 30 s 
to type in all of its studied exemplars.  The order of the categories was randomized for each 
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participant.  The second part of the final test was a category-plus-one-letter stem cued recall 
test.  For example, participants were prompted with “Bird – C____” and needed to recall 
“Canary.”  This test consisted of 48 trials, and participants had 7 s to complete each trial.  
The categories were presented in a random order.  In addition, exemplars within each 
category were presented consecutively and in a random order, but the Rp- exemplars were 
tested prior to the Rp+ exemplars.  This procedure was designed to minimize the influence of 
output interference, which can obscure the inhibitory effects of RIF (Anderson et al., 1994).  
A 500 ms ISI separated each test trial.   
Results and Discussion 
 Statistical outcomes are reported with an alpha level of .05 unless otherwise noted, 
and Bonferonni adjustments were applied to all pairwise comparisons.  Partial eta squared 
(ηp2) indicates effect size for 
analysis of variance 
(ANOVA), and Cohen’s d 
indicates effect size for t-
tests.  The data are presented 
in the following order: (1) 
retrieval practice, (2) 
category cued recall final test, 
(3) category-plus-one letter 
stem cued recall final test, and (4) individual differences analysis.  
 Retrieval Practice.  Retrieval practice results are displayed in Figure 1.  A 3 
(retrieval practice trial: 1, 2, 3) X 3 (feedback type: no feedback, immediate feedback, 
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delayed feedback) mixed ANOVA revealed a main effect of retrieval practice trial, F(2, 186) 
= 106.44, p < .001, ηp2 = .53.  This main effect may result from a benefit from feedback in 
the immediate feedback condition and a hypermnesia effect (Erdelyi & Becker, 1974) in no 
feedback and delayed feedback conditions.  Hypermnesia refers to the increase in recall of 
tested information after repeated testing without providing feedback.  Furthermore, feedback 
type affected recall probability during retrieval practice, F(2, 93) = 4.32, p = .016, ηp2 = .09.  
More importantly, these main effects were moderated by a retrieval practice trial by feedback 
type interaction, F(4, 186) = 18.75, p < .001, ηp2 = .47.  That is, participants in the immediate 
feedback condition were given feedback between retrieval practice trials, and this feedback 
likely contributed to larger increases in recall probability between each retrieval practice trial 
compared to the no feedback and delayed feedback conditions. 
Category Cued Recall Final Test.  Final test results are displayed in Figure 2.  A 3 
(feedback type: no feedback, immediate feedback, delayed feedback) X 3 (retrieval practice 
status: Nrp, Rp-, Rp+) mixed 
ANOVA revealed a main effect of 
retrieval practice status, F(2, 186) = 
402.34, p < .001, ηp2 = .81.  The data 
demonstrated RIF as the Nrp 
exemplars (M = .32, SD = .32) had a 
higher recall probability than the Rp- 
exemplars (M = .18, SD = .14), 
t(95)=8.28, p < .001, d = .93, 95% 
Cohen’s d confidence interval (CI) [.63, 1.23].  There was also a testing effect as the Rp+ (M 
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= .70, SD = .22) exemplars had a higher recall probability than the Nrp exemplars, t(95)= 
18.77, p < .001, d = 2.00, 95% Cohen’s d CI [1.65, 2.34].  More importantly, feedback type 
did not affect recall, F < 1, p = .228, and there was no interaction between retrieval practice 
status and feedback type, F(4,186) = 2.05, p = .089.  Although the interaction was not 
significant, the effect of feedback was restricted to the Rp+ exemplars.  Of note, participants 
provided delayed feedback (M =.75, SD = .17) recalled the Rp+ exemplars more often than 
participants that did not receive feedback (M = .62, SD = .19), t(62) = 2.81, p = .007, d = .70, 
95% Cohen’s d CI [.20, 1.21].  However, immediate feedback (M = .72, SD = .28) did not 
reliably improve recall probability more than no feedback, t(62) = 1.63, p = .108.  That is, 
delayed feedback improved memory performance of the Rp+ exemplars but immediate 
feedback did not.  However, there was no detectable difference between delayed feedback 
and immediate feedback Rp+ exemplar recall, t < 1, p = .600.  As immediate feedback 
increased recall on the final test by .10 more than the no feedback condition, and there was 
no reliable difference between the recall probability of the Rp+ exemplars in the immediate 
and delayed feedback conditions, more power may have been necessary to detect a difference 
between the immediate feedback and no feedback conditions. 
Though feedback improved memory performance on the tested exemplars, it did not 
exacerbate the magnitude of RIF.  From an applied perspective, the data of Experiment 1 
demonstrated that if one uses retrieval practice to study, obtaining feedback after testing may 
not result in any additional impairment in the form of increased RIF.  From a theoretical 
perspective, the pattern found in Figure 2 is predicted by the inhibitory account.  This finding 
suggests that RIF may be the result of a process that occurs during retrieval practice.  If 
retrieval practice occurs, inhibition of competitors may occur regardless of any feedback 
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given after competition.  For example, if a person performs retrieval practice over “Orange,” 
“Apple” will be inhibited.  Even if the correct answer, “Orange,” is then given as feedback, 
the inhibition of “Apple” has already occurred, weakening its representation.   
Category-plus-one Letter Stem Cued Recall.  Because the results of the category-
plus-one-letter stem cued recall test were contaminated by results from the prior category 
cued recall test, its results should be interpreted with caution.  Retrieval practice status was 
more difficult to determine when exemplars were recalled in the category cued recall final 
test.  For example, if an Rp- exemplar was recalled in the category cued recall final test, this 
exemplar would become an Rp+ exemplar.  However, this new Rp+ exemplar still received 
less retrieval practice than the 
“proper” Rp+ exemplars.  Such 
contamination clouds 
interpretation of the results. 
Category-plus-one letter 
stem cued recall results are 
displayed in Figure 3.  A 3 
(retrieval practice status: Nrp, 
Rp-, Rp+) X 3 (feedback type: 
no feedback, immediate 
feedback, delayed feedback) mixed ANOVA revealed a main effect of retrieval practice trial, 
F(2, 186) = 257.48, p < .001, ηp2 = .74. Feedback type affected recall probability during 
retrieval practice, F(2, 93) = 3.81, p = .026, ηp2 = .08.  More importantly, these main effects 
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were moderated by a retrieval practice status by feedback type interaction, F(4, 186) = 3.90, 
p = .005, ηp2 = .08.  These results replicate the results of the category cued recall final test. 
Individual Differences.  Scores for the OSPAN task were created by adding up the 
number of letters recalled in the correct position.  For example, if participants correctly 
recalled an entire set of 3 letters, an 
entire set of 4 letters, and 4 of 5 
letters in a third set, their OSPAN 
score would be 11.  I examined the 
correlation between OSPAN scores 
and both the magnitudes of RIF and 
the testing effect for each participant.  
Magnitude of RIF scores were 
obtained by taking the recall probability of Nrp exemplars minus that of the Rp- exemplars 
for each participant.  Testing effect scores were obtained by taking the recall probability of 
the Rp+ exemplars minus that of the Nrp exemplars for each participant.  Scatterplots 
showing the relationship between the OSPAN scores and the magnitude of RIF and the 
testing effect are displayed in Figures 4 and 5, respectively.  As can be seen, RIF did not 
correlate with OSPAN score, r = .03, p > .10, nor did RIF correlate with the testing effect, r = 
-.01, p > .10.   
To further explore the relationship between individual differences in working 
memory capacity, RIF, and the testing effect, I performed an extreme group analysis.  First, I 
compared the magnitude of RIF for the participants with the highest 30 and lowest 30 
OSPAN scores.  In magnitude of RIF, participants with the highest 30 OSPAN scores (M 
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= .13, SD = .20) did not reliably 
differ from the lowest 30 (M = .13, 
SD = .14) in magnitude of RIF, t < 
1, p = .976.  Secondly, I compared 
magnitude of the testing effect for 
participants with the highest (M 
= .38, SD = .18) and lowest 30 (M 
= .39, SD = .23) OSPAN scores.  
Again no detectable differences 
emerged, t < 1, p = .912.  Through two different methods of analysis, I was unable to find a 
relationship between individual differences in working memory capacity and RIF.  There 
were two possibilities as to why no relationship was found between RIF and working 
memory capacity:  a) there is no relationship or b) the measurement of working memory 
capacity (in this case, OSPAN) was unreliable or did not accurately represent the executive 
processes responsible for RIF.  Therefore, I planned to use a more extensive measure of 
working memory capacity in Experiment 2.  
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Chapter 3.  Experiment 2 
 Results from Experiment 1 showed that there were no detectable differences between 
feedback types in magnitude of RIF, which was predicted the inhibitory account.  However, 
Experiment 1 used a category cued recall final test, so blocking influences could not be ruled 
out.  In the category cued recall test, participants were prompted with category names shared 
by the Rp+ and Rp- exemplars.  It is possible that participants were able to more easily recall 
the Rp+ exemplars, and these exemplars might have intruded on attempts to recall the Rp- 
exemplars.  Such interference can lead to RIF even without retrieval inhibition.  In 
Experiment 2, a recognition test, which presented only lures and exemplars without category 
cues, was used to further examine the influence of providing feedback on RIF (see Hicks & 
Starns, 2004; Verde, 2004).  Because the studied category cue was never presented in 
recognition and the to-be-remembered exemplar was presented during a recognition test trial, 
the practiced (Rp+) exemplar could not block retrieval of the nonpracticed (Rp-) exemplar, 
thus eliminating blocking as a potential explanation.  Additionally, Experiment 2 further 
examined a potential relationship between working memory capacity and magnitude of both 
RIF and the testing effect. 
Method 
 Design.  Experiment 2 used a 3 (feedback type: no feedback, immediate feedback, 
delayed feedback) X 3 (retrieval practice status: Nrp, Rp+, Rp-) design.  Three changes were 
made from the design of Experiment 1.  Firstly, Experiment 2 used a recognition final test, in 
which participants were asked to judge whether a word was previously studied (old) or not 
(new).   Secondly, additional category-exemplar pairs were created to ensure that there were 
enough category-exemplar pairs for the recognition test. Thirdly, in an attempt to obtain a 
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more reliable estimate of working memory capacity, the Reading Span and Symmetry Span 
tasks (Unsworth et al., 2005) were added. 
Participants.  One hundred sixty Iowa State University students participated in 
Experiment 2 in return for research credit.  Sixteen students were excluded from analysis: 
seven because English was not their first language, two because they failed to follow 
instructions, four because of equipment failures, and three because of experimenter error.  
This resulted in 48 students in each feedback type condition.   
 Materials.  Because a recognition final test was used, the number of exemplars was 
doubled to provide the same number of studied exemplars as in Experiment 1 and an 
equivalent number of nonstudied lures in the final recognition test.  However, the Religion 
category did not have a sufficient number of exemplars, so the Metal category was 
substituted in its stead.  There were 48 additional exemplars used as lures for the final test.  
The lures were unstudied exemplars from studied categories.  Experiment 2 used the 
expanded category-exemplar list shown in Appendix B.  Additional category-exemplar pairs 
were selected using the selection criteria from Experiment 1. However, the category 
typicality criterion was expanded to acquire the necessary number of exemplars.  Category 
typicality of all exemplars was less than .50 (range = .01-.46, M = .11, SD = .09).  Word 
frequency norms also were expanded.  Exemplars were selected based on Thorndike and 
Lorge’s (1942) word frequency norms, and all exemplars had a frequency less than 250 
(range = 1-226, M = 53.38, SD = 52.38).  Exemplars that did not appear in Thorndike and 
Lorge’s word frequency norms were selected based on Kucera and Francis (1967) word 
frequency norms and had a frequency of less than 25 (range = 1-15, M = 3.75, SD = 3.38).  
Whether a word served as a target or a lure was counterbalanced across participants.  In 
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addition, Experiment 2 used the OSPAN, Reading Span, and Symmetry Span tasks to create 
a combined measure of working memory capacity.  Although each span task was designed to 
measure working memory capacity, other variables, such as math ability, may contribute 
disproportionately to scores on each task.  Therefore, a combined measure of the three scores 
might provide a more representative and reliable estimate of working memory capacity.  
 Procedure.  The procedure of Experiment 2 was the same as that of Experiment 1 
with the following exceptions.  Firstly, the Reading Span, OSPAN, and Symmetry Span tasks 
were administered during separate distractor phases.  To keep the delay between retrieval 
practice and final test consistent with Experiment 1, the OSPAN task was administered 
following retrieval practice, and the remaining span tasks were given after the final test.  
Secondly, the final test was recognition.  In each test trial, participants were instructed to 
select “yes” if they had studied the exemplar or “no” if they had not studied the exemplar.  
The recognition test consisted of 48 exemplars and 48 lures presented in a random order.  
The recognition test was self-paced, and a 500 ms ISI separated each test trial. 
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 Participants performed the Reading Span task after the final test.  The Reading Span 
task was the same as the OSPAN task with one change.  The verification task in the OSPAN 
was arithmetic; however, participants were 
asked to judge whether a sentence made 
sense in the Reading Span task.  For 
example, participants were prompted with 
“Andy was stopped by the policeman 
because he crossed the yellow heaven.”  
They then had to select “True” if the 
sentence made sense or “False” if it did 
not.  Similar to the OSPAN task, a letter 
then appeared on the screen for 
memorization.  This sentence verification 
task-letter cycle was repeated three to seven times.  Participants were then asked to select the 
to-be-remembered letters in the correct order.  Like the OSPAN task, participants were tested 
three times on all set sizes (3-7).   
 After the Reading Span task, participants performed the Symmetry Span task.  The 
Symmetry Span task had the same format as the other span tasks: a verification task followed 
by something to be memorized.   For the verification task, participants were asked whether 
the left and right halves of a block figure were symmetrical (e.g., Figure 6).  For 
memorization, participants were asked to remember the order of presentation of red blocks in 
a 4x4 block grid (e.g., Figure 7). 
Results and Discussion 
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Statistical outcomes are 
reported with an alpha level 
of .05 unless otherwise noted, 
and Bonferonni adjustments were 
applied to all pairwise 
comparisons.  Partial eta squared 
indicates effect size for ANOVA, 
and Cohen’s d indicates effect 
size for t-tests.  The data are 
presented in the following order: 
(1) retrieval practice, (2) final test, 
(3) individual differences analysis, and (4) replication of the delayed feedback condition. 
 Retrieval Practice.  Retrieval practice results are displayed in Figure 8.  A 3 
(retrieval practice trial: 
1, 2, 3) X 3 (feedback 
type: no feedback, 
immediate feedback, 
delayed feedback) 
mixed ANOVA 
revealed a main effect 
of retrieval practice 
trial, F(4, 282) = 84.13, 
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p < .001, ηp2  = .37.  Like Experiment 1, this main effect was likely due to hypermnesia in 
the no feedback and delayed feedback conditions and benefit of feedback in the immediate 
feedback condition.  Feedback type also influenced recall probability, F(2, 141) = 15.58, p 
< .001, ηp2 = .18, and there was a retrieval practice status by feedback type interaction, F(4, 
282) = 5.17, p < .001, ηp2 = .68.  This interaction was driven mainly by the large 
improvement in recall performance between retrieval practice trials by subjects in the 
immediate feedback condition (see Figure 8).  
 Final Test.  Final test results are displayed in Figure 9.  Hit rate represents the 
probability of correctly identifying a previously studied exemplar as “old.”  A 3 (feedback 
type: no feedback, immediate 
feedback, delayed feedback) 
X 3 (retrieval practice status: 
Nrp, Rp-, Rp+) mixed 
ANOVA revealed a main 
effect of retrieval practice 
status on hit rate, F(2, 282) = 
300.85, p < .001, ηp2 = .68.  
This main effect can be characterized as a RIF effect as the hit rate was higher for Nrp 
exemplars (M = .63, SD = .19) than Rp- exemplars (M = .59, SD = .21), t(143)= 3.00, p 
= .003, d =.19, 95% Cohen’s d CI [-.04, .42], and a testing effect as there was a higher hit 
rate for Rp+ exemplars (M = .94, SD = .10) than Nrp exemplars, t(143)= 18.89, p < .001, d = 
2.06, 95% Cohen’s d CI [1.78, 2.35].  Feedback type did not affect hit rate, F < 1, p = .729.   
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However, there was a retrieval practice status by feedback type interaction, F(4, 282) 
= 5.17, p < .001, ηp2 = .68.  In the no feedback condition, participants demonstrated both RIF 
and a testing effect.  That is, the hit rate of the Nrp exemplars (M = .66, SD =.15) was higher 
than that of the Rp- exemplars (M = .60, SD = .18), t(47) = 2.76, p = .008, d = .40, 95% 
Cohen’s d CI [-.01, .80], but lower than that of the Rp+ exemplars (M = .88, SD = .14), t(47) 
= 9.24, p < .001, d = 1.50, 95% Cohen’s d CI [1.05, 1.95].  Similarly, participants in the 
immediate feedback condition also showed both RIF and a testing effect.  That is, the hit rate 
of the Nrp exemplars (M = .64, SD = .21) was higher than that of the Rp- exemplars (M = .58, 
SD = .23), t(47) = 3.02, p  = .004, d = .26, 95% Cohen’s d CI [-.13, .67], but lower than that 
of the Rp+ exemplars (M = .98, SD = .06), t(47) = 11.04, p < .001, d = 2.14, 95% Cohen’s d 
CI [1.64, 2.65].  Surprisingly, only a testing effect (i.e., no RIF) was found in the delayed 
feedback condition.  That is, participants had a higher hit rate for the Rp+ exemplars (M 
= .96, SD = .06) than the Nrp exemplars (M = .59, SD = .18), t(47) = 14.18, p < .001, d = 
2.76, 95% Cohen’s d CI [2.19, 3.32].  However, hit rate for the Rp- exemplars (M = .60, SD 
= .23) did not differ from that of the Nrp exemplars, t < 1, p = .648.  It is unclear why Nrp 
data in the delayed feedback condition differed from those in the other conditions.  Therefore, 
I attempted to replicate the results of the delayed feedback condition.  These replication data 
will be presented later (see p. 34). 
Feedback increased hit rate of the Rp+ exemplars.  That is, immediate feedback (M 
= .98, SD = .06) and delayed feedback (M = .96, SD = .06) increased hit rate of the Rp+ 
exemplars compared to no feedback (M = .88, SD =.14), t(94) = 4.27, p < .001, d = .87, 95% 
Cohen’s d CI [.45, 1.29], t(94) = 3.53, p < .001, d = .72, 95% Cohen’s d CI [.30, 1.13], 
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respectively, but no detectable differences were found between the two feedback conditions, 
t(94) = 1.26, p = .212.   
Mean response time data was examined to ensure that was no speed-accuracy tradeoff.  
Mean response time data for all correct responses are displayed in Table 1. An interaction 
between retrieval practice status and feedback condition was found, F(6, 423) = 3.87, p 
= .001, ηp2 = .05.  Of note, in the delayed feedback and immediate feedback conditions, no 
detectable difference in response time between the Nrp and Rp- exemplars were found, t(47) 
= 1.24, p = .222, t < 1, p = .452, respectively.  These response time data suggest that there 
was no speed-accuracy trade off in performance.  In the no feedback condition, participants 
were faster to respond to the Nrp exemplars than the Rp- exemplars, t(48) = 3.60, p < .001, d 
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= .13, Cohen’s d CI [-.09, .35], which is consistent with the idea that the Rp- exemplars were 
inhibited.  That is, inhibited exemplars should be less accessible.  Therefore, participants 
should be slower to respond to the Rp- exemplars according to the inhibitory account.   
I now examine how false alarm rates were influenced by retrieval practice and 
feedback.  False alarm rates of the lures that were related to the retrieval practiced categories 
(Rp lures) and the 
nonpracticed categories 
(Nrp lures) were analyzed 
separately.  This was done 
as Rp lures are most 
similar to Rp- exemplars 
as the Rp lures are 
nontested exemplars from 
a tested category.  Rp lures 
differ from Rp- exemplars 
in that they were not 
initially tested.  However, Nrp lures are similar to Nrp exemplars in that they are nontested 
exemplars from a nontested category.  Because Rp lures may have been competitors during 
retrieval practice, they may have become inhibited (according to the inhibitory account).  
Therefore, it was important to analyze Rp lures and Nrp lures separately.  These data are 
displayed in Figure 10.   
There was a main effect of lure type (Rp vs. Nrp), F(1, 141) = 10.02, p = .002, ηp2 
= .066, but there was no main effect of feedback type, F < 1, or lure type by feedback type 
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interaction, F < 1.  However, of primary interest to this study was whether there was any 
difference in the false alarm rates between lure types within each feedback condition.  
Consistent with previous research (Aslan & Bäuml, 2011; Hicks & Starns, 2004), within the 
no feedback condition, there was no detectable difference in false alarm rates between the 
Nrp (M = .17, SD = .13) and the Rp lures (M = .15, SD = .16), t < 1, p = .496.  Therefore, it is 
appropriate to use the hit rate to determine whether RIF occurred in this condition. There was 
also no detectable difference in the false alarm rates between the Nrp (M = .16, SD = .14) and 
Rp lures (M = .13, SD = .13) in the delayed feedback condition, t(47) = 2.08, p = .043.  In the 
immediate feedback condition, there was a difference in the false alarm rates between the 
Nrp (M = .15, SD = .12) and the Rp lures (M = .10, SD = .11), t(47) = 3.20, p = .002, d = .43, 
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95% Cohen’s d CI [.03, .84].  Because of this difference, I used hit-false alarm rates to 
determine whether RIF occurred in this condition. As shown in Table 2, there was no 
detectable difference between the hit-false alarm rates for the Nrp and Rp- exemplars in the 
immediate feedback condition.  That is, no RIF was found in the immediate feedback 
condition. This finding suggests that the RIF effect in the immediate feedback condition of 
Experiment 1 might have been the result of blocking.  To be precise, the recognition test used 
in Experiment 2 eliminated blocking contributions and did not find RIF in the immediate 
feedback condition.  On the other hand, Experiment 1 found RIF in the immediate feedback 
condition but blocking remained a potential contributor because of its category-cued recall 
final test.  Though Experiment 2’s results do not definitively demonstrate that blocking 
created RIF in the immediate feedback condition of Experiment 1, it remains a possibility.  
 Two more analyses were performed to further test each account.  First, hit rate for the 
Rp+ exemplars was compared to that of the Rp- exemplars and a marginally significant 
positive correlation was found, r = .15, p = .076.  This correlation suggests that higher 
performance for the Rp+ items are often indicative of higher performance for the Rp- 
exemplars as well.  This finding is inconsistent with the blocking account, which would 
predict a negative relationship, because stronger Rp+ items should further block retrieval of 
the Rp- exemplars.  Furthermore, there was no correlation between the hit rate for the Rp+ 
exemplars and the magnitude of RIF, r = -.021, p = .803.  This independence is predicted by 
the strength-independence assumption of the inhibitory account (Anderson, 2003).  Strength-  
independence in RIF refers to the idea that the magnitude of RIF is independent of memory 
strength of the Rp+ exemplars. 
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Individual Differences.  In addition to the OSPAN score, Reading Span score and 
Symmetry Span score were collected for each participant in Experiment 2.  To acquire a 
more complete measure of 
working memory capacity, all 
three scores were combined 
using a factor analysis.  One 
factor was extracted, which 
accounted for 68% of the 
variance, eigenvalue = 2.05.  
The eigenvector was .83 for the 
OSPAN score, .86 for the 
Reading Span score, and .80 for 
the Symmetry Span score.  The combined working memory score was the sum of each span 
score multiplied by its eigenvector value.  For example, if a participant received a score of 50 
on the OSPAN task, 60 on the Reading Span task, and 25 on the Symmetry Span task, the 
factor score would be (83 X 50) + (.86 X 60) + (.80 X 25) = 113.10.  
 Scatterplots for the relationships between the span task factor scores and the 
magnitude of RIF and the testing effect are displayed in Figures 11 and 12, respectively. 
Similar to Experiment 1, no significant correlation was found between the working memory 
capacity scores and either the magnitude of RIF, r = -.12, p > .10, or the testing effect, r = .08, 
p > .10.  To further explore potential individual differences in working memory capacity and 
RIF and the testing effect, an extreme group analysis was performed.  I compared the 
magnitude of RIF and the testing effect between participants with the top 40 and bottom 40 
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factor scores.  Interestingly, participants with the highest working memory capacity scores 
(M = .00, SD = .12) showed no RIF whereas those scoring lowest did (M = .07, SD = .16), 
t(78) = 1.99, p = .050, d = .44, Cohen’s d CI [.00, .89]. However, no detectable difference 
was found in the testing effect for participants with the highest working memory capacity (M 
= .33, SD = .24) and the lowest working memory capacity (M = .31, SD = .20), t < 1, p = .797. 
Although a relationship between working memory capacity and RIF was found in the 
extreme group analysis, it should be interpreted with caution given that the correlation 
analyses failed to demonstrate such a relation.  Nonetheless, it is interesting that participants 
with the highest working memory capacity exhibited no RIF.  Based on the assumption that 
RIF is the result of 
executive control 
processes, one would 
predict that a person 
with a higher working 
memory capacity 
should be better at 
inhibiting unwanted 
exemplars and thus 
demonstrate RIF.  
Therefore, the findings 
of the extreme group analysis are inconsistent with the prediction emerging from the 
executive control version of the inhibitory account.  Furthermore, there has been difficulty in 
finding a relationship between working memory capacity and RIF in the current study and 
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previous studies (see Bell, 2005).  Therefore, executive control, at least as measure by 
working memory span tasks, may not contribute to RIF as has been suggested by some 
researchers (Levy & Anderson, 2008).  Instead, RIF may be an example of unintentional 
inhibition (Healey et al., 2010).  
Replication of the Delayed Feedback Condition.  Because the Nrp exemplar data in 
the delayed feedback condition of Experiment 2 were unexpected, I replicated this condition 
twice.  There were 85 
participants in the first 
replication and 90 
participants in the 
second replication.  
Five participants were 
excluded from 
analyses in the first 
replication (four 
because English was 
not their first language and one because that person failed follow instructions), and 10 
participants were excluded from analysis in the second replication (eight because English 
was not their first language and two because of experimenter error).  Therefore, data from 80 
participants were included in the analyses of each replication attempt.  The initial test data for 
the first and second replication are shown in Figures 13 and 14, respectively.  There was a 
main effect of retrieval practice trial in both the first and second data sets, F(2, 158) = 14.57, 
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p < .001, ηp2 = .16, F(2, 
158) = 23.02, p < .001, 
ηp2 = .23, respectively.  
That is, hypermnesia 
was found in both 
replications.   
The final test 
data can be seen in 
Figures 15 and 16, 
respectively.  In the 
original Experiment 2’s 
data, the delayed 
feedback condition 
exhibited no RIF.  
Therefore, the 
replication final test 
analysis focused on the 
differences in hit rates 
between the Nrp and 
Rp- exemplars.  
Critically, a significant RIF effect in the hit rate was observed in both the first and second 
replication, t(79) = 2.55, p = .013, d = .30, 95% Cohen’s d CI [-.01, .61], t(79) = 3.63, p 
< .001, d = .40, 95% Cohen’s d CI [.09, .72], respectively.  Clearly, these results differ 
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markedly from those in the 
original delayed feedback 
condition.  Because no 
obvious explanation can be 
offered for the discrepancy, I 
attributed the initial results to 
chance.  Therefore, when one 
takes into account the results 
from the replications of the 
delayed feedback condition, 
the hit rate from Experiment 2 replicated the results of Experiment 1. 
Response time data and false alarm rate were also examined in the delayed feedback 
replication.  Mean response 
time data are shown in 
Table 1.  There was no 
detectable difference in 
response time between the 
Nrp and Rp- exemplars in 
the first and second 
replication, t < 1, p = .484, 
t (79) = 1.55, p = .126, 
respectively.  These 
response time data suggest that there was no speed-accuracy trade off in performance.  False 
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alarm rates for the first and second replications are displayed in Figures 17 and 18, 
respectively. For the first replication and second replication, Nrp lures had a higher false 
alarm rate than the Rp lures, t(79) = 3.60, p < .001, d = .34, 95% Cohen’s d CI [.02, .65], 
t(79) = 2.47, p =.016, d = .30, 95% Cohen’s d CI [.07, .69], respectively.  Therefore, I 
examined the hit-false alarm rates, which are displayed in Table 2.  In both replications, RIF 
was eliminated.  That is, there was no detectable difference in the hit-false alarm rates 
between the Nrp 
and Rp- exemplars.  
In combination 
with the data from 
the immediate 
feedback condition, 
these results further 
support the idea 
that inhibition 
resulting from RIF 
may be eliminated by feedback.  
Two correlational analyses were again performed to further test the validity of the 
blocking and inhibitory accounts.  Hit rate for the Rp+ exemplars was compared to that of the 
Rp- exemplars and a significant positive correlation between the hit rate of the Rp+ and Rp- 
items was found in both the first and second replications, r = .29, p = .009, r = .35, p = .001.  
Once again, this positive correlation is opposite to the prediction of the blocking account.  
Furthermore, no relationship was found between the hit rate for the Rp+ exemplars and the 
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magnitude of RIF in both the first and second replications, r = .57, p = .567, r = -.05, p 
= .677, respectively, which is again consistent with the strength independence assumption of 
the inhibitory account.   
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Chapter 4.  General Discussion 
 In Experiment 1, I found that feedback did not influence the magnitude of RIF.  This 
finding is predicted by the inhibitory account of RIF and has pedagogical implications.  
However, data from Experiment 2 and replication of the delayed feedback condition suggest 
that feedback may eliminate retrieval inhibition.  Specifically, the lack of an RIF effect in the 
immediate feedback condition and the delayed feedback condition was inconsistent with the 
conclusions of Experiment 1 – that feedback does not influence the magnitude of RIF.  The 
present study also examined whether individual differences in working memory capacity 
contributed to variance in RIF, and a relationship was found in only the extreme group 
analysis of Experiment 2.  The implications of these findings are now discussed. 
Implications for the Inhibitory and Blocking Accounts 
The inhibitory account argues that RIF is the result of inhibition that reduces the 
recall probability of competitors at retrieval practice.  The blocking account ascribes RIF to 
retrieval interference whereas the inhibition account suggests that RIF is the result of direct 
suppression.  In Experiment 1, I found that providing immediate or delayed feedback did not 
increase the magnitude of RIF, but delayed feedback increased the recall probability of the 
Rp+ exemplars.  That is, the results of Experiment 1 were predicted by the inhibitory account.   
However, Experiment 2’s results clouded this interpretation of RIF as results of 
Experiment 2 suggested that feedback might reduce inhibition that stemmed from response 
competition.  Though the results of Experiment 2 did not replicate those of Experiment 1, the 
data were consistent with one of the predictions that the inhibitory account might make.  In 
Experiment 2, participants who received feedback did not exhibit RIF, which suggests that 
feedback may release Rp- exemplars from inhibition.  This release from inhibition may have 
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rose from spreading activation in the delayed feedback condition and reduction of retrieval 
competition in the immediate feedback condition.  This finding seems contradictory to that of 
Experiment 1, which found an equal amount of RIF in all three feedback conditions.  
However, Experiment 1 used a recall test, which cannot rule out blocking influences.  
Therefore, blocking may have increased for participants who received feedback in 
Experiment 1.  That is, in Experiment 1, the RIF in the no feedback condition may have 
stemmed from blocking and/or inhibition, while the RIF in the feedback conditions may have 
stemmed from blocking.  Experiment 2’s results may not have found RIF in the feedback 
conditions because blocking is minimized in a recognition test.  Indeed, the current study 
lends some support to the inhibitory account, but the contribution of blocking and inhibition 
to RIF remain inconclusive. 
While there has been some evidence in support of the blocking account (Camp et al., 
2007; Camp et al., 2009), much of the extant literature supports the inhibitory account 
(Anderson, Bjork, & Bjork, 2000; Anderson, Green, & McCulloch, 2000; Hicks & Starns, 
2004).  The current study also provides evidence for the strength-independence property of 
retrieval inhibition (Anderson, 2003), which refers to the idea that the magnitude of RIF (and 
therefore inhibition) is independent of memory strength of the Rp+ exemplars.  Shivde and 
Anderson (2001) manipulated the strength of the Rp+ items by having participants study the 
Rp+ word pairs one, five, or twenty times.  As expected, on a final test, Rp+ exemplar recall 
probability increased with the number of study trials.  However, recall probability of the Rp- 
exemplars was not affected by this variable.  The current study further instantiated this 
strength-independence assumption.  In Experiment 2, no significant correlation was found 
between hit rate of the Rp+ exemplars and the magnitude of RIF.  While the current study 
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provided support for the inhibitory account of RIF, it called into question assumptions that 
some supporters of the inhibitory account of RIF hold.   
Types of Inhibition 
Based on the present data, the relationship between individual differences in working 
memory capacity and RIF remains unclear.  Although no correlation was found between the 
magnitude of RIF and working memory capacity, a relationship between susceptibility to RIF 
and working memory capacity was found in the extreme group analysis for Experiment 2.  
That is, participants with lower working memory capacity demonstrated higher RIF than 
participants with higher working memory capacity.  If executive control drives RIF, one 
would predict the opposite.  Specifically, participants with high working memory capacity 
should be more adept at using attention to inhibit unwanted responses (Rp- exemplars), and 
they should exhibit more RIF than participants with low working memory capacity.  Note, 
though, that no correlation between the span tasks and RIF was found in either experiment.  
Therefore, the influence of working memory capacity on RIF reported in the extreme group 
analysis of Experiment 2 might be spurious.  Indeed, it is possible that RIF is not a product of 
executive control as estimated by working memory capacity. 
Engle (2002) defines working memory capacity as the ability to control attention to 
suppress unwanted information.  As attention is used to consciously control what is 
suppressed, intentionality is needed to use working memory.  For example, individual 
differences in working memory capacity account for some variance in the performance of 
both the dichotic listening and Stroop tasks (Engle, 2002).  In a dichotic listening task, 
participants shadow one audio channel while ignoring another.  Critically, the participant’s 
name was occasionally presented in the unattended channel.  Engle examined how often 
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participants reported hearing their name, which is a sign of failed suppression.  In the Stroop 
task, participants must ignore the identity of a word and name the color in which the word is 
printed.  For example, a participant must respond “Red” when the word “Yellow” is 
presented in the color red.  Both the dichotic listening task and the Stroop task require 
conscious control of one’s attention to perform well.  Consistent with the idea that working 
memory is required to direct attentional resources to suppress unwanted stimuli, participants 
with higher working memory capacity were better able to report the color of the word in the 
Stroop task and to ignore their name in the unattended channel in the dichotic listening task.  
Unlike the Stroop and dichotic listening task, which explicitly require participants to use 
inhibition, no intentionality is needed for RIF.  That is, participants do not need to actively 
try to suppress Rp- exemplars for RIF to occur.  However, if it is still assumed that RIF is an 
inhibitory process and individual differences in working memory capacity contribute to 
performance on the dichotic listening and Stroop tasks, it is intriguing that such individual 
differences do not contribute to differences in RIF.  Indeed, others have struggled (Bell, 
2005) to find a relationship between the magnitude of RIF and working memory capacity 
(but see Aslan & Bäuml, 2011).  At first, this may appear problematic, but there may be a 
difference in the type of inhibition used in RIF and dichotic listening or Stroop tasks. 
Some researchers have argued that there are two types of inhibition – intentional and 
unintentional (Hogge, Adam, & Collette, 2008).  Of interest, intentional inhibition is 
theorized to use the central executive to a much larger extent than unintentional inhibition.  
Previous researchers have discussed a few potential reasons as to why RIF may be an 
example of unintentional inhibition (Hogge et al.).  For example, the researchers found RIF 
in an implicit memory task, which required participants to generate exemplars that were not 
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originally studied.  The researchers reported that participants were least likely to generate 
Rp+ exemplars and most likely to generate Rp- exemplars (with the Nrp generation rate 
falling somewhere in between).   
There has been other evidence inconsistent with the executive control theory of RIF 
that involves older adults, who are widely considered to have deficits in cognitive control and 
inhibition.  For example, older adults tend to recall more to-be-forgotten items in a directed 
forgetting task (Zacks, Radvansky, & Hasher, 1996) and have slower reaction time for 
correct responses and increased errors in an antisaccade task (Olincy, Ross, Youngd, & 
Freedman, 1997).  However, older adults demonstrate equivalent magnitudes of RIF as 
younger adults (Hogge et al.).  These findings, in combination with the lack of correlation 
between working memory capacity and RIF in the current study, suggest that RIF may be an 
unintentional inhibitory process rather than one that uses executive control (cf. Anderson, 
2003; Anderson & Levy, 2009).   
Educational Implications 
From a practical perspective, perhaps the most important contribution from the 
current study is the potential guidance for students and teachers.  They should be aware of 
the possible problems and benefits of using testing as a tool for learning.  To my knowledge, 
studies have not examined how RIF is influenced by feedback.  Depending on the type of 
final test, feedback conditions maintained or reduced the magnitude of RIF compared to that 
of no feedback conditions.  Across the two experiments, the beneficial effects of feedback on 
performance of the tested items ranged from .08 to .13 without further impairing memory of 
the nontested items.  This benefit is even more impressive when one considers that 
participants who received feedback had less time to perform retrieval practice (6 s) than 
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participants who did not receive feedback (7 s).  Furthermore, feedback was only shown for a 
short time.  Participants in the immediate feedback condition were only given feedback for 1 
s in each trial, and participants in the delayed feedback condition were given feedback once 
for each Rp+ exemplar for 3 s.  This benefit of feedback without additional impairment 
suggests that students and teachers should use feedback even if it requires one to administer 
tests for shorter periods of time to allow enough time for feedback.   
The current study provided limited contribution to the debate between the benefits of 
delayed versus immediate feedback.  The results from both experiments showed that 
feedback improved memory performance for previously tested exemplars, but there was no 
detectable difference between immediate and delayed feedback.  However, a ceiling effect 
may have contributed to the similar hit rates for Rp+ exemplars in Experiment 2.  Moreover, 
Butler et al. (2007) found that delayed feedback improved memory performance more than 
immediate feedback after a 24 hr delay.  The current study had only a 20 min delay between 
retrieval practice and final test.  Therefore, a longer delay between retrieval practice and final 
test may be necessary to reveal a benefit of delayed feedback over immediate feedback.  
Conclusion 
Traditionally, RIF has been studied without the use of feedback at retrieval practice.  
However, with more researchers promoting testing as a learning tool, one must understand 
not only the positive consequences of testing but the negative as well.  In the current study, I 
have shown that feedback does not increase the magnitude of RIF in a short time frame.  
Given this knowledge, researchers can be more confident in suggesting testing as a learning 
tool, but there are still many unanswered questions regarding the influences of feedback on 
the later memory of nontested information.  For example, students may study for tests many 
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days in advance.  How do repeated tests or tests after a longer delay with feedback influence 
performance on a final test that occurs days later?  Testing is a strong tool for improving 
memory for educators and students alike, and a thorough understanding of how testing 
influences memory is valuable.    
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Appendix A.  Category-exemplar Pairs for Experiment 1 
 
Category Item Category Typicality 
Thorndike-Lorge Word 
Frequency 
Birds Canary 0.30 39 
 Oriole 0.17 5 
 Vulture 0.10 12 
 Blackbird 0.20 4 
 Parrot 0.16 18 
 Starling 0.11 7 
    
Job Janitor 0.03 15 
 Accountant 0.08 18 
 Chemist 0.05 32 
 Dentist 0.25 61 
 Baker 0.03 86 
 Plumber 0.09 28 
    
Animals Rabbit 0.11 96 
 Leopard 0.10 13 
 Donkey 0.11 20 
 Squirrel 0.13 32 
 Mouse 0.27 48 
 Giraffe 0.19 1 
    
Flowers Pansy 0.24 39 
 Daffodil 0.20 17 
 Gardenia 0.20 20 
 Lilac 0.10 52 
 Sunflower 0.08 14 
 Marigold 0.04 10 
    
Weather Blizzard 0.10 27 
 Drought 0.04 23 
 Lightning 0.16 101 
 Sunny 0.07 53 
 Humidity 0.07 17 
 Monsoon 0.10 2 
    
Spice Cinnamon 0.27 82 
 Nutmeg 0.10 21 
 Thyme 0.07 7 
 Mustard 0.14 51 
 Ginger 0.03 68 
 Paprika 0.20 72 
    
Religion Altar 0.01 58 
 Parish 0.03 41 
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 Shrine 0.10 33 
 Cathedral 0.38 56 
 Tabernacle 0.05 5 
 Mosque 0.26 9 
    
Cloth Madras 0.07 7 
 Flannel 0.06 79 
 Denim 0.07 17 
 Burlap 0.07 18 
 Tweed 0.03 76 
 Canvas 0.03 61 
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Appendix B.  Category-exemplar Pairs for Experiment 2 
Category Item 
Category 
Typicality 
Kucera-Francis 
Word Frequency 
Thorndike-Lorge 
Word Frequency 
Birds Canary 0.30 N/A 39 
 Blackbird 0.20 N/A 4 
 Oriole 0.17 5 5 
 Parrot 0.16 1 18 
 Pigeon 0.13 3 76 
 Starling 0.11 N/A 7 
 Woodpecker 0.10 1 6 
 Vulture 0.10 1 12 
 Swallow 0.09 10 170 
 Flamingo 0.04 N/A 2 
 Raven 0.03 N/A 9 
 Falcon 0.06 4 5 
     
Job Plumber 0.09 4 28 
 Accountant 0.08 2 18 
 Clerk 0.07 34 226 
 Policeman 0.05 19 190 
 Chemist 0.05 16 32 
 Engineer 0.25 42 218 
 Dentist 0.25 12 61 
 Merchant 0.05 20 118 
 Fireman 0.05 1 45 
 Architect 0.04 22 102 
 Janitor 0.03 4 15 
 Baker 0.03 36 86 
     
Animals Tiger 0.46 7 103 
 Elephant 0.41 7 144 
 Mouse 0.27 10 48 
 Sheep 0.19 23 86 
 Giraffe 0.19 N/A 1 
 Turtle 0.03 8 21 
 Camel 0.06 1 24 
 Antelope 0.06 7 49 
 Squirrel 0.13 1 32 
 Donkey 0.11 1 20 
 Rabbit 0.11 11 96 
 Leopard 0.10 N/A 13 
     
Flowers Orchid 0.31 N/A 44 
 Pansy 0.24 6 39 
 Peony 0.09 3 N/A 
 Gardenia 0.20 1 20 
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 Daffodil 0.20 N/A 17 
 Lilac 0.10 4 52 
 Sunflower 0.08 N/A 14 
 Azalea 0.07 2 N/A 
 Poppy 0.05 2 16 
 Violet 0.33 7 109 
 Marigold 0.04 N/A 10 
 Buttercup 0.04 N/A 8 
     
Weather Lightning 0.16 14 101 
 Typhoon 0.13 1 N/A 
 Thunder 0.12 14 138 
 Blizzard 0.10 7 27 
 Monsoon 0.10 3 2 
 Shower 0.07 15 147 
 Sunny 0.07 13 53 
 Humidity 0.07 8 17 
 Hailstorm 0.04 1 N/A 
 Drought 0.04 5 23 
 Rainbow 0.03 4 45 
 Snowstorm 0.03 3 11 
     
Spice Onions 0.14 15 N/A 
 Mustard 0.14 20 51 
 Nutmeg 0.10 4 21 
 Vinegar 0.09 9 92 
 Thyme 0.07 N/A 7 
 Vanilla 0.27 1 86 
 Garlic 
0.27 
4 30 
 Chives 0.03 1 N/A 
 Ginger 0.03 2 68 
 Paprika 0.20 2 72 
 Cloves 0.21 1 N/A 
 Cinnamon 0.27 N/A 82 
     
Cloth Satin 0.18 5 116 
 Madras 0.07 N/A 7 
 Velvet 0.07 4 177 
 Burlap 0.07 N/A 18 
 Denim 0.07 N/A 17 
 Corduroy 0.06 1 13 
 Flannel 0.06 4 79 
 Acetate 0.04 7 N/A 
 Jersey 0.03 25 106 
 Tweed 0.03 5 76 
 Canvas 0.03 19 61 
 Chiffon 0.02 N/A 78 
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Metal Bronze 0.18 11 65 
 Platinum 0.17 4 35 
 Nickel 0.15 7 39 
 Mercury 0.07 10 39 
 Uranium 0.05 6 N/A 
 Tungsten 0.05 4 N/A 
 Cobalt 0.03 2 5 
 Titanium 0.04 2 N/A 
 Chromium 0.03 4 10 
 Cadmium 0.02 2 N/A 
 Magnesium 0.14 N/A 8 
 Sodium 0.09 12 4 
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